PREFACE
This book considers the business of space from the perspective of globalization. The space industry traces its origins to the middle of the twentieth century as an exclusively government/military domain involving the United States and the former Soviet Union. It has evolved to one that is increasingly commerciali zed and internationalized, encompassing a host of activities and countries. This book describes this ongoing evolution, assesses the major segments of the industry and evaluates the industry from a business perspective.
As the space industry is increasingly evolving from one dominated by governments and their military establishments to one that is undergoing rapid commercialization across a wide number of areas, there is a need for a business perspective on the industry. This book offers insights on this changing landscape that have relevance for the industry players, as well as policy-makers and decision-makers. Awareness of the industry is critical if public policy is to support it.
As the impact of climate change makes terrestrial survival for the human species increasingly problematic, the imperative to develop the means to evacuate planet Earth and sustain extraterrestrial human existence becomes critical. Since the space industry is crucial in this respect, this book will provide a timely exposition around the emerging state of the industry.
The book comprises four chapters. Chapter 1 presents a conceptualization of the business of space from a globalization perspective. Chapter 2 considers the current state of the sector, while Chapter 3 deals with the main country players. The fouth and fi nal chapter addresses the future by assessing the future potential of space applications, as well as the forces and key strategic issues faced by the industry.
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Introduction and background: the global space industry
The conceptualization of the business of space: a globalization perspective Since the early 1970s, debates have raged throughout the social sciences concerning the process of 'globalization' an essentially contested term whose meaning is as much a source of controversy today as it was in the 1980s, when systematic research fi rst began on the topic. Contemporary globalization research encompasses an immensely broad range of themes, from the new international division of labor, changing forms of industrial organization and processes of urban-regional restructuring, to transformations in the nature of state power, civil society, citizenship, democracy, public spheres, nationalism, politico-cultural identities, localities and architectural forms, among many others. Yet despite this proliferation of globalization research, little theoretical consensus has been established in the social sciences concerning the interpretation of even the most rudimentary elements of the globalization process (for example, its historical developments, causal determinants and socio-political implications).
Nevertheless, within this whirlwind of confl icting perspectives, a remarkably broad range of studies of globalization have devoted detailed attention to the problematic of space, its social production, and its historical transformation. Major strands of contemporary globalization research have been permeated by geographical concepts (for example, 'space-time compression', 'space of fl ows', 'space of places', 'de-territorialization', 'glocali zation' the 'globallocal nexus', 'supra-territoriality', 'diasporas', 'translocali ties' and 'scapes', among many other terms). Meanwhile, globali zation researchers have begun to deploy a barrage of distinctively geographical prefi xes (for example, 'sub-', 'supra-', 'trans-', 'meso' and 'inter-'), to describe various emergent social processes that appear to operate below, above, beyond or between entrenched geopolitical boundaries. In particular, in the social sciences, the recognition that social relations are becoming increasingly interconnected on a global scale necessarily problematizes the spatial parameters of those relations, and therefore also the geographical context in which they occur.
According to Friedman (2000) , globalization is a new international system. It came together in the late 1980s and replaced the previous international system, the Cold War system, which had been in place since the end of the Second World War. Friedman defi nes globalization as the inexorable integration of markets, transportation systems and communication systems to a degree never witnessed before -in a way that is enabling corporations, countries and individuals to reach around the world farther, faster, deeper and more cheaply than ever before.
Several important features of this globalization system differ from those of the Cold War system. Friedman examined them in detail in his seminal book, The Lexus and the Olive Tree. The Cold War system was characterized by one overarching feature, which was division. That world was a divided-up, chopped-up place, and whether you were a country or a company, your threats and opportunities in the Cold War system tended to grow out of who you were divided from. Appropriately, this Cold War system was symbolized by the Berlin Wall and the Iron Curtain.
The globalization system is different. It also has one overarching feature and that is integration: the world has become an increasingly interwoven place. In the fi rst decade of the twenty-fi rst century, whether you are a company or a country, your threats and opportunities increasingly derive from those to whom you are connected. This globalization system is characterized by a single word -web: the World Wide Web. So in the broadest sense we have gone from an international system built around division and barriers to a system increasingly built around integration and webs. In the Cold War we reached for the hotline, which was a symbol that we were all divided but two people were in charge -the leaders of the United States and the Soviet Union. In the globalization system we reach for the internet, a symbol that we are all connected and nobody is quite in charge. While during the Cold War, division caused rivalry and intense competition, in the globalization era there is the acknowledgement that we shall all succeed only on the basis of collaboration. In this context, collaboration can assume many forms -from alliances to collaborative networks -and can involve a wide variety of actors.
Everyone in the world is affected, directly or indirectly, by this new system, but not everyone benefi ts from it, which is why the more it becomes diffused, the more it also produces a backlash by people who feel overwhelmed by it, homogenized by it, or unable to keep pace with its demands.
The other key difference between the Cold War system and the globalization system is how power is structured within them. The Cold War system was built primarily around nation-states. One acted on the world in that system through one's state. The Cold War was a drama of states confronting states, balancing states, and aligning with states. And, as a system, the Cold War was balanced at the center by two super-states, two super-powers: the United States and the Soviet Union.
The globalization system, in contrast, is built around three balances, which overlap and affect one another. The fi rst is the traditional balance of power between nation-states, as there are now many 'super-powers'. In the globalization system, the United States is seen as the sole and dominant super-power and all other nations are subordinate to it to some degree. The shifting balance of power between the United States and other states, or simply between other states, still matters very much to maintain the stability of this system as it shifts from a uni-polar world dominated by the United States to a multi-polar world in which the United States is increasingly viewed as primus inter pares.
The second important power balance in the globalization system is between nation-states and global markets. These global markets are made up of millions of investors moving money around the world with the click of a computer mouse. Friedman calls them the Electronic Herd, and this herd gathers in key global fi nancial centers -such as Wall Street, Hong Kong, London and Frankfurt -which Friedman calls the 'supermarkets'. The attitudes and actions of the Electronic Herd and the 'super markets' can have a signifi cant impact on nation-states today, even to the point of triggering the downfall of governments and the consequent emergence of new, dominant private actors and, as was experienced during the late 2000s, the virtual collapse of the global economy.
The third balance we must pay attention to is the that between individuals and nation-states. Because globalization has brought down many of the walls that limited the movement and reach of people, and because it has simultaneously wired the world into networks, it gives more power to individuals to infl uence both markets and nation-states than at any other time in history. Whether by enabling people to use the internet to communicate instantly at almost no cost over vast distances, or by enabling them to use the World Wide Web to transfer money or obtain weapons designs that normally would have been controlled by states, or by enabling them to go into a hardware store and buy a US$500 global positioning device, connected to a sate llite, that can direct a hijacked airplane -globalization can be an incredible force-multiplier for individuals. Thus individuals can increasingly act on the world stage directly, unmediated by a state. So, according to Friedman, we have today not only 'many super-powers', not only 'supermarkets', but also what Friedman calls 'super-empowered individuals' (see Table 1 .1). Table 1 .1 summarizes the main arguments that allow Friedman to indicate the main differences between the Cold War system and the globalization era. The dynamics that globalization entails and as they have been described by Friedman are well represented if we look at the evolution of the space industry.
The following section will review the evolution of the space industry by looking at its different stages -from the Cold War to globalization -and their distinctive dynamics in order to provide a new conceptualization of the business of space that incorporates the globalization perspective.
De-territorialization and re-territorialization
Since the early 1970s, debates have raged throughout the social sciences concerning the process of globalization -an essentially contested term whose meaning is as much a source of controversy in the 2000s as it was in the 1980s. Contemporary globalization research encompasses an immensely broad range of themes, from the new international division of labor, changing forms of industrial organization (Cerny 1995) and processes of urban-regional restructuring (Florida 1996; Storper 1995) There is, however, a lack of consensus on the strength and likely impact of globalization. This conceptual vacuum is well described by Scholte (2000, p. 1), who affi rms that: in spite of a deluge of publications on this subject, our analysis of Globalization tends to remain conceptually inexact, The contemporary era of globalization has been represented (Brenner 1999a) as the most recent historical expression of an ongoing dynamic of continual de-territorialization and re-territorialization that has underpinned the production of capitalist spatiality since the fi rst industrial revolution of the early nineteenth century. On the one hand, capitalism is impelled to eliminate all geographical barriers to the accumulation process in pursuit of cheaper raw materials, fresh sources of labor, new markets for its products, and new investment opportunities. This expansionary, de-territorializing tendency within capitalism was clearly recognized by Karl Marx (Marx and Engels [1848] 2002), who famously described capital's globalizing nature as a drive to 'annihilate space by time' and analyzed the world market at once as its historical product and its geographical expression.
On the other hand, as David Harvey has argued, the resultant processes of 'space-time compression' must be viewed as one moment within a contradictory socio-spatial dialectic that continually moulds, differentiates, deconstructs and reworks capitalism's geographical landscape (Harvey 1991, p. 168) . According to Harvey, it is only through the production of relatively fi xed and immobile confi gurations of territorial organization, including urban built environments, industrial agglomerations, regional production complexes, large-scale transportation infrastructures, long-distance communications networks and state regulatory institutions that the capital circulation process can be continually accelerated temporally and expanded spatially. Each successive round of capitalist industrialization has therefore been premised upon socially produced geographical infrastructures that enable the accelerated circulation of capital through global space. In this sense, as Harvey notes, 'spatial organization is necessary to overcome space' (p. 168).
This theoretical insight enables Harvey to interpret the historical geography of capitalism as 'a restless formation and re-formation of geographical landscapes' (p. 168) in which confi gurations of capitalist territorial organization are continually created, destroyed and reconstituted as provisionally stabilized 'spatial fi xes' for each successive regime of accumulation (Harvey 1991).
From this perspective, the business of space can be seen as a presupposition, medium and outcome of capitalism's globalizing developmental dynamic. Space is not merely a physical container within which capitalist development unfolds, but one of its constitutive key dimensions, continually constructed, de-constructed, and re-constructed through a historically specific, multi-scalar dialectic of de-territorialization and re-territoriali zation.
Building on this theorization, Brenner (1999b) understands globalization to be a double-edged process through which: (i) the movement of commodities, capital, money, people, images and information through geographical space is continually expanded and accelerated ('de-territorialization'); and (ii) relatively fi xed and immobile socio-territorial infrastructures are produced, re-confi gured, re-differentiated and transformed to enable such expanded, accelerated movement ('re-territoriali zation'). Globalization therefore entails a dialectical interplay between the drive toward space-time compression under capi talism (the moment of de-territorialization) and the continual production of relatively fi xed, provisionally stabilized confi gurations of territorial organization on multiple geographical scales (the moment of re-territorialization). The business of space and its geopolitical implications represent an emblematic example of this process by which de-territorialization and re-territorialization are taking place. Figure 1 .1 illustrates these processes.
In this context, territorialization happens on planet Earth, where the geopolitical boundaries of individual countries are established; de-territorialization happens mainly through space exploration and re-territorialization takes place through individual countries establishing their presence either in orbit by the establishment of relatively fi xed organizational forms (such as, for example, the establishment of a space station) or on other planets.
Origins of space
Human fascination with the world beyond the Earth's atmosphere pre-dates even the pioneering astronomers of ancient Greece. Great Stone Age structures such as Stonehenge in England are believed to have fulfi lled astronomical (as well as religious) functions. Indeed, ever since humans fi rst saw birds soar through the sky, they have wanted to fl y. The ancient Greeks and Romans pictured many of their gods with winged feet, and imagined mythological winged animals.
The ancient fascination with the ocean of the skies is illustrated in the legend of Daedalus and Icarus, in which father and son escaped prison by attaching wings made of wax to their bodies. Unfortunately, Icarus fl ew too near the sun, the heat caused the wax to melt and he plummeted into the sea as a punishment for excessive daring. Chinese Legend tells us of the fi rst attempt to propel a man into space made in the fourteenth century by a Chinese offi cial, Wan Hu. He built a spacecraft with a chair, kites and forty-seven gunpowder-fi lled bamboo rockets. There was a loud explosion followed by smoke, and Wan Hu was never seen again (Burrows 1999).
Early developments
During the centuries when space travel was only a fantasy, researchers in the sciences of astronomy, chemistry, mathematics, meteorology and physics developed an understanding of the solar system, the stellar universe, the atmosphere of the earth, and the probable environment in space. In the seventh and sixth centuries BC, the Greek philoso phers Thales and Pythagoras noted that the earth is a sphere. In the third century BC the astronomer Aristarchus of Samos asserted that the Earth moved around the sun. Hipparchus elaborated information about stars and the movements of the moon in the second century BC. In the second century AD Ptolemy of Alexandria placed the Earth at the center of the solar system (the Ptolemaic system).
Not until some 1,400 years later did the Polish astronomer Nicolaus Copernicus systematically explain that the planets, including the Earth, revolve around the sun. However, the scientifi c study of rockets, airplanes and satellites was in augurated in the modern era by the impressive study of fl ight by Leonardo da Vinci, one of the most versatile geniuses of the Renaissance. The business of space planets and satellites, and Isaac Newton (1643-1727) formulated the laws of universal gravitation and motion, which confi rmed that planets follow Kepler's equations. Newton's laws of motion established the basic principles governing the propulsion and orbital motion of modern spacecraft. In 1654, the German physicist Otto von Guericke proved that a vacuum could be maintained, refuting the old theory that nature 'abhors' a vacuum. In 1696, Robert Anderson, an Englishman, published a two-part thesis on how to make rocket moulds, prepare the propellants, and perform the calculations.
The nineteenth century brought about advanced research. The essential equations for rocketry were devised by a Russian schoolteacher, Konstantin Tsiolkovsky (1857 Tsiolkovsky ( -1935 . Tsiolkovsky concluded that space travel was a possibility and determined that liquid oxygen and hydrogen fuel rockets would be needed, and that these rockets would be built in stages. His prediction came true sixty-fi ve years later, when the Saturn V rocket facilitated the fi rst landing of human beings on the moon. Tsiolkovsky also stated that the speed and range of a rocket were limited by the exhaust velocity of escaping gases (NASA 2009). In America, Robert Goddard (1882 Goddard ( -1945 produced the world's fi rst liquidfuelled rocket launch, in 1926. Goddard, 'the American father of modern rocketry', invented rocket technology and forged the designs that were used by Germans during the Second World WarI. After a confi rmation of their military might and strategic importance during the war, it was Hermann Oberth who convinced the world, in his highly infl uential and internationally acclaimed book The Rocket into Interplanetary Space, that the rocket industry was something to take seriously. He was the only one of the three rocketry pioneers who lived to see men travel through space and land on the moon. Indeed, Oberth and a team of scientists, directed by Wernher von Braun (1912-77) developed and launched the German V2 rocket, the fi rst rocket capable of reaching space. At the end of the Second World War, von Braun settled in the USA, where he played a crucial role in convincing the federal government to pursue a landing of humans on the moon, and guided US efforts to success (NASA 2009).
Literature has also greatly supported human interest in outer space. Greek satirist Lucian (second century AD) wrote about
